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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECENICAL NOTE NO. 1775

HYDRODYNAMIC IMPACT LOADS IN SMOOTH WATER FOR A PRISMATIC
FLOAT HAVING AN ANGLE OF DEAD RISE OF 40°

By Philip M. Edge, Jr.
SUMMARY

A prismatic-float forebody with an angle of dead rise of 40° was
subjected to smooth-water lmpacts 1n the Langley impact basin. The tests
were made at fixed trims of 3°, 6°, 9°, and 12° for a range of flight-
path angles from approximately 2° to 22°.

The data are presented and converted into dimensionless variables
for correlation of the experimental results with hydrodynemic impact
theory and for comparison of the runs among themselves. The average
value of the dead-rise function for an angle of dead rise of 40° is
evaluated and campared with similar values for angles of dead rise

o
of 30° and 22% and with the theoretical dead-rise fumction. The experi-

mental data are shown to be in good agreement wlth values predicisd by
theory.

INTRODUCTION

The development of seaplanes having high aerodynamic performance
accompanied by high stalling speeds and high wing loadings has resulted
in increased impact loads. The designer of the moderm seaplene is con-
fronted with the dual problem of predictlng the water loads and of
devising means of reducing these loads.

In order to provide & more rational basls for the prediction of
Impact loads, reference 1 presented an analysis which showed that the
motion end time charecteristlics of en impact may be represented by
means of generalized variasbles. The variation of the generalized vari-
ables 1s govermed solely by the magnitude of the approach parameter K
which may be considered a criterion of impact similarity.

One possible means of reducing the water loads on seaplanes is the
use of sharper angles of dead rise. A DpProgram undertaken at the
Langley impact basin to determine the veriation of impact loads with
angle of dead rise has therefore besen expanded to include tests of a
seaplane float having a 4LO° angle of dead rise. Data were cbtained at
fixed trim with a V-bottom prismatic-float forebody of 40° dead-rise
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angle. The data were obtained at the Langley impact baesin in smooth
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The test simulated flight conditions in which the effects of the presence -
of the afterbody 1s small. The data are compared with the generalized

theoretical results previously mentioned and the effect of dead-rise

angle on hydrodynamlc loads 1s snalyzed.

SYMBOLS
23 acceleration due to gravity, 32.2 feet per second®
niw Impact—load factor, mesasured normal to water surface, g umits
t time after contact, seconds
W dropping weight, pounds
b d veloclty of model parallel to water surface, feebt per secomd
y draft of model normal to water surface, feet -
veloclty of model normal to water surface, feet per second
B angle of dead rilse, degrees
7 flight-path angle relative to water surface, degrees
o mass denslty of water, slugs per cubic foot
T trim angle, .degrees
£(B) dead-rise function S - - o _ -
d(a) easpect-ratio correction factor
Subscripts:
o at water contact
max maximum

Dimensionless veariables:

Approach parsmeter . : . - . . S

gin 7 .
= S T +-
sin 7 cos( 70)

s}
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Load-factor coefficlent

zmniw8 W 651n'rc052—r 1/3
702 \ 81 [2(r)]1%F(a) on

Draft coefficient

3
Gy = I8 [ ()] 2g(a) pn /
W16 sin v cos®r
Time cosfficlent
o (o [z Po@ex |\
°© W 6 sin T coseT
APPARATUS

The Langley impact basin and standard equirment are described in
reference 2.

The model tested was the forebody of a prismatic float having A dead—
rise sngle of 40° designated the Langley impact basin model M-3. The
model was essentially the same as that used in the tests reported in
references 3 and 4, except for the angle of dead rise. The size and
shape of the mod.el are defined by the lines and dimensions shown 1n
figure 1. The offsets are given in table I. The model mounted on the
carriage boam is shown in figwure 2.

The instrumentation used to measure horizontel displacement and
velocity end vertical displacement and velocity was described in
reference 2. Accelerations in the vertical directlen were measured by
a stapdard NACA accelercmeter having a matural frequency of 16.5 cycles
per second with approximetely 0.67 critical demping and a range
of -lg to 6g. The contact and exit of the model were determined by
mesns of an electrical circult completed by the water.

PRECISION

The instrumentation used in the tests glves measurements that
are belleved accurate within the following limits:
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Horizontal velocity, feet per second « « « s ¢ o o ¢ s o o o « « o« s  F0.5
Vertical velocity, feet per second e 4 s s e s s e i 8 e e s e ex F0.2
weisht, Pomd-s L4 Ll L - . L] L] L] L] [ ] . L] L] L] s O L 2 L] . L] L] - L] . * = *2.0
Acceleration, g « ¢ « o o ¢ ¢ ¢« ¢ ¢ 4 o e o o s e 0 s e s 0 s e s s $0.35
Timo, SecondE « & « o ¢ ¢ & o o o o o s o s o o o s s s o s o o+~ 0,005
Vertical displacement, InNCHeS « « « « « o o o o o o« o o o o o 4 o . 0.1

TEST PROCEDURE

The test progream was carried out in the Langley impact basin at
fixed trims of 3°, 6°, 9°, and 12° with the float loaded to a weight
of 1213 pounds. A series of impacts in smooth water was made for each of
the four trim engles. The flight~path angle was varied. over a range from
approximately 2° to 22° to cover the practical renge of flight-path angles
for conventional seaplanes in landing. The range of flight-path angles
was thoroughly covered for the series of tests at 3° and 12° trim whereas
the range of flight-path angles covered at 6° and 9° trim was scmewhat
limited. At frequent intervals during the teéts, consistency runs were
made wlth the test conditions as nearly ldentical as possible. The pur-
pose of these runs was to obtain a check on the comslstency of the behavior
of the Instrumentation and equipment throughout the Investigation. The
data obtained from the consistency runs showed that no significant changes
occurred in the operation and behavior characteristice of the equipment
and instrumentation duvuring the Investigation. The date obtainsd on
these 12 consistency runs were averaged and only the average values are
presgented.

The carrlage was brought up to testing speed by meens of a catapult.—
At testing speed the drop linkage was released to permit the model to
acqulre vertical velocity under free fall. Once the model had acquired
the proper vertical velocity, a force was produced by a2 compressed-alr
1ift engine which counterbalanced the dropping welght of 1213 pounds.
In this manner impacts were made under conditions simulating landings in
which the wing 1ift is equal to the welght of 'the seaplane. Subsequent
to the impact the carriage run was terminated by an arresting gear.
This testing procedure 1s described further in reference 2.

Time histories of horizontal displacement and wvelocity and of vertical
displacement, velociiy, and acceleration were recorded for each run.
Only the vertical camponent of thé impact load is presented as the hori-
zontal component wes very small for the trims investlgated.
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RESULTS AND DISCUSSION

Correlation of Experimental Data with Theoretical Solutions

A theoretical investigation of the motions and hydrodynamic impact
loads experienced by V-bottom seapla.nes during step-landing impacts 1is
presented in reference 1. The entlre immersion process, including the
conditions at the instants of maximum acceleration, maximum draft, and
rebound, was analyzed from water contact wmtil reboumnd. This analysis
showed that the motlon and time charascteristics of an lmpact may be
represented by means of generalized varisbles designated the load~factor
coefficlent, the draft coefficlent, the time coefficient, and the vertical-
velocity ra.'bio. The variation of these variables durj_ng an impact was

shown to be governed solely by the magnitude of the approach parameter «
which d.epend.s only on the trim and 'bhe flight-path a.ngle at the instant
of Initial contact with the water and which may be considered a criterion
of impact simllarity. A single varlation with k consequently exists
for each of the generalized variasbles representing the state of motion

and the time corresponding to any glven stege of the impact.

The basic data obtained in the present investigation are shown in
table I. The experimental data corresponding to the Instants of maximum
acceleration, maximum draft, and rebound are compared in figures 3 to 6
with the theoretical variations of the generaslized variables with the
approach parameter, as presented In reference 1. The solld~line curves
show the theoretical relationships and the symbols represent the éxperi-
mental data. Reduction of the experimental data to the form of gener-
alized verisbles was accomplished by use of the dead-rise
function T(B) = ?é% -1 and the aspect-ratio factor @¢(A) =1 - 53—:2‘%3
These reletions were presented in reference 5 and correspond to the
theoretical and experimental relations obtained by reference 6 and
reference T, respectively.

The variation of load-factor coefficlent

1/3
D38 fw |6 8in T cose—r / (1)

©1 =52 \e () 1) on

with approach paremeter K 1s shown in figure 3. The upper curve shows
the meximum load-factor coefficlent, whersas the lower curve shows the
load-factor coefficient at the instant of maximum draft. The experimental
values agree well with the theoretical varlation of maximum locad-factor
coefficient with approach paremeter. At the time of maximum draft,
however, the experimental values show greater scatier as a result of the
inaccuracies in measuring the time of maximm draft and the accelsratlon

. at that time.
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At high values of K +the trend of the experimental variation at
maximun draft is below the theoretical curve and indicates somewhat
lower accelerations. These low values of-acceleration are believed to
result from the time lag in the displacement meesurements which results
in recorded values of the time of maximum drafit that are slightly greater
than the asctual time of maximum draft. Since the time of maximum draft
occurs -after the time of maximum acceleration, the greater the time lag
of maximm dreft, the smaller the acceleratlon at the Indicated time of
maximum draft. At low values of k (high flight-path angles) the trend
of the experimental data at maximum dreaft 1s somswhat above the theoretical
curve. This result is explained by the presence of buoyant forces, which
were neglected in the theoreticel solutions. These buoyant forces becoms
of-significance only at high flight-path angles beyond the range for
conventlonal seaplanes.

The variation of draft coefficient

-

£(p)1%g(a 13
0 = y (81lzM] d(a)ox @)
Y GBinTcose-r

with approach parameter & 18 presented in figure 4. The upper curve
shows the maximum drafi coefficient and the lower curve shows the draft
coefficient at time of maximumm acceleration. The experimental data are
in good agreement with the theoretical curves. :

The varietion of time coefficient
1/3

2
Ct = -byo .5, MA.M (3)

W 6s8inT coseT

with the approach parameter ¥ 1s shown in figure 5. The upper curve
shows values for the time coefficient at the instant that the model
leaves the water on the rebound. The middle curve shows the tims coeffi-
clent at the ingtant of maximum draft. The lower curve shows the tlme
coefficlient at the instant—-of maximm acceleration. The test points
show good agreement with the theoretical curves; the buoyent forces
again account for the lower values of the experimental data at low values _

of k (high flight-path angles). }

In figure 6, the ratio ofvertical velocity to initial vertical
velocity J¥/¥. 1s plotted against the approach parsmeter k. The
upper curve sBows this ratio at the instent of maximm acceleration and
the lower curve shows the ratic at the instant of rebound. The experi-
mental data show general agreement .with the theorétlcal curves desplte
the low measured values of velocity which result in_ greater scatbter of
the pointe because of measurement error.
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The discrepancy -between the theoretical and experimsntal values of
the vertical-velocity ratlo at the instant of rebound is attributed to
frictlon and leakage In the compressed-alr 11ft mechanism which balanced
the weight. The leakfige takes effect after the maximum draft has been
reached and has & maximum effect on the motion at the lnstant of rebound.
In addition, greater scatter l1s present at this instent because of the
veriation in the time lag of the Instrumentation which was used to mesasure
vertical velocity. .

In some cases the model wes ilmmersed beyond the limits of the pris-
matic shape (72 inches long by 17.25 inches high - see Ffig. 1). The .
general agreement of the data with the theory, however, indicates that
the effects of bow and chine lmmersion were of no great significance.

Effect of Dead-Rise Angle on Hydrodynemic Ioad

Fram the form of the load-factor coefficient it can be seen that, if
all other paramsters are held constant, the hydrodynemic load 1s proportional

to the quantity [f(B)__I / 3 where f£(B) = EB -1. If the conventional dead-

rise angle of 22§ is used as a base, this relationship ind.ica'bes a

reduction in load of 24 percent for an angle of dead rise of 30 and a
reduction of 4k percent for an angle of dead rise of LO°

The validity of the theoretical varlation of hydrodynamic Jload with

o
dead rise was verifled for angles of dead rise of 22% and 30o by experi-

mental date obtained in the Langley impact basin (references 1, 3, apd L).
In the present paper, the range of dead-rise angle 1s extended to 40°.
The data previously presented in figure 3 are further analyzed to

determine an experimental value of the dead-rise function _[f(B)]E/ 3.

Solving equation (1) for [f(B)] 2/3 gives

1
[f(ﬁ)]2/3 - nj-w8 W 6 sin T cosa'r /3 (1)
1
o
From the theoretlcal relatiomship between Cy and Kk of reference 1,
max
a theoretical value of C3 1s obtalned corresponding to the approach

mex .
parameter k camputed for each rum (teble II). Substituting this value
of C,; and the data of table IT into equation (4) gives an experimental

value of [f(B)]g/ 3 for each rm. The distribution or resulting experi-
mental values of [f(B)]e/ 3 is shown in figure 7, where the distributions
are grouped as percentages of the totel number of values used. This

figure shows that the distribution aebout the average value is approximately
normal and indicates that the deviation from the normal is largely random.
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Figure 8 shows the veriation of the dead-rise function with the

angle of dead rise. Since the dead-rise function 1s plotted as [f(ﬁ)]e/ 3
this curve also shows the varilation of hydrodynamic load with angle of -
dead rise. The solid-line curve shows the theoretical variation glven

2 2
by [f(B)] /3 - é!E - l) /3. The symbols represent experimental values
of the dead-~rise varlation determined by averasging each group of data
o

obtained with floats of 40°, 30°, and 22% angles of dead rise,
respectively. The value shown for a deed-rise angle of 40O is the average
corresponding to the distributlion show:rol in figure 7. The average values
for angles of dead rise of 30° and 22—%‘- were obtalned in a similar manner

and were presented in reference 4. Figure 8 shows that the hydrodynamic
load decreases appreciably (44 percent) as the angle of dead rise is

increased from 22% to 40°. The variation of the average values of the
experimental date agrees well with the theoretical variation.

CONCLUBSIONS

An analysis of exper:!.rdental data o'bgained. by subJecting a prismatic
float having an angle of dead rise of 40  to impacte in smooth water
results in the following conclusions:

1. Experimental values of the load-factor coefficlent, draft coeffl-
client, time coefficient, and vertical-velocity ratio corresponding to the
instants of meximum acceleration, maximum draft, and rebound are in good
agreement with veluwes predicted by hydrodynemic impact theory.

2. If a1l other paremeters are held constant, the hydrodynamic load
for & seaplene having an angle of dead rise of 409 is 4l percent less then
the hyg._rodgnamic load for the seaplane with a conventional dead-rise angle

1
ool
of 5

Langley Aeronautical Laboratory :
Neationel Advisory Committee for Aeronautics
Lengley Field, Va., September 28, 1948
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TABLE I . - OFFSETS OF LANGLEY IMPACT-BASIN

FLOAT MODEL M-3 (SEE FIG. 1)

[:All dimensions are in inches]

Half breadth Helght above datum line

Station Chine Deck Kool Chine Deck.
0 0 0.33 27.06 27.06 37.60

2 2.15 1.45 21.34 26.08 38.17

5 4 .25 3.05 17.12 25.97 38.81

9 7 .80 4.58 12.85 27.06 39.51
14 10.31 5.93 9.05 2k .90 40.09
21 12.81 T.23 5.62 21.90 40.52
29 15.09 8.15 3.01 19.08 k0.59
38 16.86 8.71 1.13 16.55 40.59
7 18.04 8.94 27 15.53 40.59
58 18.87 9.00 0] 15.56 40.59
72 19.33 9.00 o 15.94 40.59
87.25 19.40 9.00 0 16.00 40.59
106.625 19.40 9.00 0 16.00 40.59
120.75 19.40 9.00 0 16.00 40.59

NNACA
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TAELE IT
IMPACT-LOADS DATA FROM TESTS OF A PRIBMATIC FLOAT
WITH 40° ANGLE OF DRAD RISE

Run| At contact Approach At Time, t, [Time, t, At 3 At rebound
- ; parameter Pvnax . at chins | at bow max
Yo Xo %0 x v By (y y immersion {immeral b ¥y | v t [
(2ps)| (£ps)| (aeg) (soc) (g) | (%) |(fpB) | (se0) (eec) | (sec)| (£t)| (@) | (mec) | (rps)
T = 30
9.2y l23.31y21.62] o0.129 b.082)1.600.68] 7.32 | o0.285 0.035 ]0.377] 1.49]0.32] memmmuc} cccaemn
2] 7.75 } 23.26[ 18.43 a5 | aoy1an G4 5.97 Reme OlO +396{1.39] .25]===e==e i
3]9.39 129.82{17.18 .163 |} .088]1.76] .78 | 7.0k «315 033 «34h [1.46] .32 No exit{No exit
kg .82 [29.07{16.88 2170 |} OT7IL.70] .69 {7.39 «337 035 356145 25(--do---| Bo.
5{7.61 |28.7h|14.83 195 | .200§1.26) .71 | 5.69 Rone .038 «370]2.33| «15|--d0--=| Do.
6]7.82 |29.94 )1k .61 .197 ] .093}{1.30| .72 }5.9% -~do- .038 .360]1.30} .32|--do---] Do.
7{9.39 |h0.32{13.11 222 |.09811.99] .83]6.26 ~do- .038 .309(1.29]| .28|--d0---] Do.
8|8.75 |39.53(12.48 233 | .087{1.82] .73 | 6.47 ~do~ 035 «312]1.30] .25|--do---| Do.
9{7.89 (40.32(11.07 264 { 0%k(1.48] .68 {6.19 Zdo- O41 «322(1.20| .32({~=~do==-] Do.
10{4.05 |23.15] 9.92 296 }.180) Ji| .66 [2.70 ~do- Ja42 H455( 96| .20]--do---] Do.
11y9.46 |56.50} 9.5L 309 | .082|2.17] .72 {6.90 ~do- .032 24711.16) .32] 1.067 |[-0.57
12|5.83 {ho0.32| 8.23 «359 | .128| .87} .63 {4.05 ~do- 058 «353|1.00| 250 extt{No exit
13{8.11 |56.50] 8.17 2361 | 10211.70] .75 {5.55 ~do- Oh2 +266!1.08] .36|--do-~-] Do.
W 7.47 |5%.35] 7.83 «377 {.098{1.52] .67 [5.26 ~do- ©ho 26811.0k| .28 (--do-~- Do.
1519.39 169.93| 7.65 «3B6 | .080(2.37| .69 [ 6.97 ~do- .030 £3211.06] .38] 871 ] -85
16{3.13 |23.36] 7.63 «387 | 213| .25} .57 |1.99 ~do- 104 . 85| .08 |No exit{No exit
17|%.05 [30.30] T.61 389 | .18 .h5| .58 [2.99 ~do- 084 420] o4} .19)--do---] Do.
18|8.03 |68.49} 6.69 A43 ) .097|1.76] .69 2.33 ~do- .036 2421 97| .38|--do=~-| Do.
19|5.97 |56.50] 6.03 Jg2 ) aarrr.os5] . .12 ~do~ .052 .286| .89 .32|=-do---| Do.
20{2.8% |27.32| 5.93 501 | .252] .27) .62 |1.49 ~do- .110 L4731 77| .08|--d0---| Do.
21)3.13 |30.30)| 5.90 503 | .213] .27] .58 | 1.99 ~do- «102 128§ 77§ .15}--do-~-| Do.
2214.05 139.37| 5.87 50 65| 50| 9 [2.70 «do- 076 .360| .81 .28}--do-~=| Do.
2313.98 |ko0.16| 5.66 =25 | .61 .50{ . 2.70 ~do- 076 .366] .83| .15|--d0-~-{ Do.
2138 139.21} 5.59 531 | .170) b5] . 2.49 ~do~ 086 401! .79) .10{--do-~-{ To.
25|7.82 |91.50| 5.10 .58 08412.031 .59 [5.69 ~do- .031 «197| B6] .63] .612 | -1.71
26|%.69 (68.49| k.75 «62¢ | .120(Ll.14] .59 §3.77 -do- 053 +860| 79| «32|No exit|No exit
27{2.84 [39.06{ L.16 716 | 248} .30] . 1.28 -do- 116 408 .68{ .08 |~-do---| Do.
281377 |5k.6k] 3.95 <54 | 163] 5T} 59 {2.20 ~-do- 073 «321] .73| .15f~~d0-~-{ Do.
29]5.69 [90.10] 3.61 826 | .111{1.26 3.56 -do- 054 2281 .73] .50)~-do-~-| Do.
W|k.27 |68.03] 3.59 .830 | .1u8| .12| .55 j2.70 -do- OTh .278| 69| .31{~-d0---| Do.
3113.20 |56.18| 3.26 915 | .183] 1| .52 [1.85 -do- 092 «350] . 20]|~=do==-| Do.
32{3.56 |68.03] 3.00 995 | 184} 5T} & 1.78 -do~ 087 28| .63| 40{~-do---] Do.
33|3.20 |68.k9( 2.68 1.11% { .85 50| .53 {1.78 -do- .107 34| 61| .15|~-do---| Do.
ka2 j90.10) 2.6 1.140 | k1l .8k| .51 |2.42 -do- .069 241 .63) 45 2710 1-0.57
3513.63 [|90.09| 2:31_| 1.293 _| .15%{ .75| .50 {1.85 =gdo- .088 27! 58] .35|No exit|No exit
36|2.77 [90.91| 1.75 1.708 1 193 49| .hk {1.1h -do- 078 277( 48| 5{~-do~--| Do.
(a) {9.02 {89.88] 5.73 520 | .083{2.59| .67 {5.90 B -do~ 037 J92 ] W951 JJ2[ 756 [-1.T0
T =6 .
3718.89 [34.13]1k.60 ] 0.388 po.107]1.72]|0.89 {6.26 -do- 0.072 ]0.296{1.35{0.32] 1.085 | -1.07
38i8.75 |34.60|14.19 . .108|1.85] .91 |5.90 -do- 068 +293|1.33| .32| 1.0k%4 f-1.28
3518.89 |35.2111k.17 401 | J094)1.76] .81 |6.33 -do- .068 284(1.30] .36] 975 |-1.35
40i9.03 [43.47[11.7H 489 | .100{1.98] .85 | 6.33 -do- 067 «25311.22| 50| 836 |-2.28
k118.89 |43.29|11.6L 495 | J102]1.99] .85 | 6.0k -do~ 0T 2531.22] 45| 849 | -1.T1
4218.75 Jhk.25111.19 .515 | .107]1.98} . 6.11. -do- 062 25211.181 .50] .839 | -1.71
L318.89 |46.73(10.77 536 | 09%]|2.03] 81 |6.4T ~do- .069 234{1.18| 58] 772 {-1.99
kh|8.89 |58.1%| 8.69 669 | .100({2.29| .81 |5.50 -do- 071 209{1.08] 75| .602 | -2.56
h518.96 |%8.4T] 8.46 .638 | .100[2.33{ .81 {5.76 -do-. 063 209{1.07[ 80| .612 |-2.42
4618.96 |60.97) 8.36 697 | .101|2.29| .B2 |5.83 -do- 067 .206{1.10] 89F .615 |-2.35
k7l19.03 |66.22] T7.77 751 | 090)2.85] o7k | 5.76 -do- 075 «195]1.01L{1.00| 557 |-2.70
L818.75 {65.36] 7-63 765 | .09k|2.37| .76 |5.83 ~do- 071 «194[1.02| .83 .357 -2.77
L9{8.67 |85.47| 5.79 1.01k | 091L12.75] T [5.12 -do- 071 16 89|1.13] 432 1-3.3k
5018.53 86.21{ 5.65 1.0%0 | .090(2.80( .70 [ 5.26 -do- 076 170 .86{1.32] Jk21 [-3.34
5L{2.99 [k3.481 3.93 1.52 | ~---1 B0} --- |1.35 ———- -—=- bt aaloind Reininiad Bttt btk
212.99 [43.67] 3.2 1.506 | .210§-.40] 42 [1.35 none 286 «349] 63| 25 =-am [eme--
53{2.77 {43.10§ 3.68 1.605 | .238| .36] .56 f1.21 -do- .333 «352] 63| .20|No exif{No exit

aAverage of consistency runs.
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TABLE IT - Concluded
IMPACT-LOADS DATA FROM TESTE OF A PRIGMATIC FIOAT
WITH 40° ANGLE OF DEAD RISE - Cancluded

Run At contect Approach At mny Time, t, |Time, t, At Tmax At rebowmnd
N » paremster, - at chine | at bow
Yo Xo 70 3 CIRE -7 I 4 ¥ |immersion|immersion} t ¥ |n1y t Y
(£pe)| (fra) | (deg) (sec)|(g)t (£+)|(£pa)| (sec) (sec) [(sec)|(rt)|(g) | (eec) | (frs)
T = 9% )
sh|9.24 | 35.59(1k.55 | 0.5T71 0.115]1.85 0.96!5.76 Hone None 0.258|1.29[0.58| 0.825 | -2.13
551924 | ki bh|11.75 <718 .103{2.16| 87{6.33 -do- .108 230|1.18] 75| .648 | -2.63
56]9.46 | 45.45/11.76 718 .100]2.25 | .8716.75 -do- .110 «230]1.19| .88 .655 | -2.63
5719+53 | 45.87| 11Tk 719 .102(2.29{ .93(8.03 -do- 107 2121122 .92] 642 | ~2.77
5819.46 | 46.08]11.60 728 .104|2.25] .8816.61 -do- 11k .226(1.21] .80| .654% | -2.77
5918.96 | 31..55| 9.86 86k J10ki2.28 | 85]5.76 -do- LOTh $207]|1.0911.08| 565 | -3.06
60}9.10 | 58. 8.79 975 202]2.55 | Bhi5.4T -do- 127 2761140811251 JAGh | -3.56
61|8.60 | 57.14| 8.56 | 1.002 .10k|2.37| .81)3.33 -do- .082 .154]1.03]|1.28{ .522 | ~3.13
62[8.75 { 63.69] T.82 | 1.10L .106]|2.55] .82]5.05 -do- 128 1811 .981.30] k66 | -3.70
63(8.89 ( 65.79| 7.70 | 1.118 .099l2.71 | .82|5.40 -do- ~12h A750 99|1.52| JA4m0 | -3.84
6419.03 | T7.51] 6.65 | 1.301 .10112.971 J77|5.22 -do~ None A51 W9af1.52] .39 | -B.0%
65(8.60 | 76.34] 6.43 | 1.347 .109[2.67 | 80{k.19 -do- -do- 267 -90{1.57| 05 | -3.98
66)|8.67 | 86.20{ 5.74 | 1.513 me==|3.27] =~~]3.98 =-do~ -do- mema)e=e=]2.,00| .343 | -4.48
67|8.60 1 86.96| 5.65 | 1.537 .105/2.971 76|%.22 -do~ . -do- 155) Bh|1.57T1 365 | .34
&|3.27 | 43.48] 4.30 | 2.030 227 Eo .62]1.35 -80- -do~ .317| 68] 28] .938 - 50
6913.12 | kh.Gh| L.00 | 2.285 2181 W45 | skl -do- -do- .318] .61 .25 .902 -
T0|2.98 | 58.48] 2.92 | 3.005 .210) .55( S51[2.14 -do- -do~ L272| 54| 35| 663 ] -1.39
T1|2.92 | 60. 2.78 | 3.157 212 55| .s0[1.07 -do- -do- .280) .s4| .32 662 | -1.28
T = 120
T2{9 46 | 23.1%]22.23 | G.L5h 0.130]1.65 j1.ah|6.26 jo.20L 0145 | 0.3391.63(0.41] 1.202 | -0.92
73|7.96 | 23.04{15.06 o3l .129{1.23 | .95(5.83 257 17h o3l (147 .35] 1.1k5 | -1.42
Th|9.53 | 29.67{17.81 590 .130{1.86 [1..09{5.83 202 246 270 (1.7 63] 905 | -1.85
75(9.10 | 30,03|16.86 628 L227(1.73 L.02|6.19 153 149 278 |1.43] 50! 870 | -2.13
T618.11 | 30.12|15.07 712 .130{1.47 [ 92|5.62 | Wome 207 .280|L.29| .50] 897 | -1.78
771946 | 39.84]|13.36 813 115(2.17( .99]6.04 -do- 292 217 1.28| 85| 642 | -2.92
T819.2k | 39.84}13.06 BH3k 2115{2.16] .93{5.76 -do~ Nene 22%511.201 .96] .628 | -3.06
72|7-75 } 39.53111.09 «99L LA40(1.65 ] 9% h.3h -do~- -do- 250(1.12{ 80| .650 | -2.77
80|7.96 | 40.98[10.99 | 1.004 .139|1.73] .o4|%.48 ~do- -do- 229(1.12( 87| bR | -2.99
81}4.05 [22.83|10.06 | 1.103 2587 A5 85|2.06 -do- -do- di13] 98| A5] meme | —=m--
82(9.39 | 56.18| 9.59 [ 1.173 212012.64 | .95]4.29 -do- -3o- .183{1.08|---=- [No exit|No exit
83(8.11 Eg.lﬁ 8.21 | 2.3 .126|2.17 | +71[3.98 -do~ -do- L1899 .8311.52| 467 | -3.92
8%|5.83 65 8.26 | L.37 57| 1.4 | B8013434 -do- ~do- 256} .95] 60| .68% | ~2.28
8s5l4. 30.40| 8.12 | 1.382 238] 66| .81|1.85 -do- -do- «350{ 901 «36] 1.001 -TL
86}9.53 | 63.4ls| 7.8L | 1.439. £10%5[3.24 | 861476 -do- -do- % 97|2.05] 3712 | -4.98
87/9.03 | 68.03] T- 1.489 .205[2.97 ] B1ifh.91 -do- -do- . 93{125| .38 | -k
88|7.75 | 68.49] 6.46 | 1.753 .218{2.33 76| 3.9 -do- -do~- 170) 85]1.h3( JLo2 | ~h.12
89(7.61 | B.49} 6.3k | 1.787 221(2.32 | 78{3.41 -do- -do~ J171) «85]1.48( .391 | -h.12
90{k.34 | 40.98| 6.05 | 1.876 a94 .75 -70(2.06 -do- . -do- 288] 791 BB T30 | -L.56
91]/3.06 | 29.33| 5.96 | 1.905 260] L0 | ST1| 249 -do~ -do- .392( 77| 20{No extt|No exit
o219.24 | 90.09{ 5.86 | 1.938 0L 3.68 . T6] b 2T -do- -do- 2137| 81|2.98( 30k | -5.k0
93[5.76 [ 56.50| 5.82 | 1.9%2 W150{1.38 | ST2{2.7T -do- -do- 210| .81] .96] 504k | -2.99
9.10 { 89.29] 5.82 | 1. .099] 3.57 [ 73| 4.41 ~-do- -do- .139] «81]3.10| 304 | -5.33
95{3.98 | 39.37 5.1‘7 1.969 2000 65| 67|1.85 -do- -do- 299 .78{ 40| 750 | -1.
96|8.75 { 91.00f 5.9 | 2.073 104 3.57| .76|3.56 -do- -do~ .13k .80{2.37| .299 | -5.19
9717.68 | 90.91| %.83 { 2.364 ,115/2.97| «7012.99 -do- -do- A51] .715|2.25] 315 | -k.55
98] 7.54 { 89.29] 4.83 | 2.36% .207|2.92| .63} 3.27 -do- -do- 1k .68{2.a5] .310 | -k.6R2
99]5.69 | 63.49] 4.75 | 2.h0k 155 1.56 | 6712.20 -do- -do- 189 .69|1.35] JM26 | -3.06
100 3.27 | hoi9] L.62 | 2.473 238 50| 59](2.35 -do- -do~ «319| 65] .32] BT - .57
101|5.33 | 68.03} k.48 | 2.552 Jshir.52 .6512.13 -do- -do~ 198] .70{1.00] 433 [ -3.13
102|4.12 | 55.87( k.22 | 2.713 900 .87 62[1.35 ~-do- -do- 250f .64 63| 565 | -2.13
103/ k.27 | 68.03| 3.39 | 3.198 178{ 1.05 | .34f1.21 -do- -do- 2201 58] «70| JB7T | -2.42
104]%.98 | 90.09| 3.16 | 3.640 .125| L.76| .55|2.28 -do- ~do- - .160] .28|1.48¢ .350 | -3.48
105|3.20 | 67.57 2.7 | k.253 208] .66} 511.1% | -do- -do- 278| 53] 50| .628 | -1.35
106/2.92 | 68.49] 2.4% | L.729 212] 66] L6 .57 -do- ~do~ 252 &7l 55| 552 ) -L.h9
107} 3.70 | 90.09] 2.35 | k.913 k€ 1,131 4501.35 -do- -3o- <186 18| 96| 389 | -2.4k9
108/3.13{ 90.89f 1.99 | h.810 © .80 921 42 L3 -do= -do- .205( .42{ Boj 410 | -1.99
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Figure L.—L inesof Langley impact-basin float mode! M.
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Figure 2.

~ Lengley lmpact-basin float model M-3.
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